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POLYMERIC BL^mS 
Thla invention relates to polymeric blends and more 
particularly to polymeric blends of polyvinyloyclohexanea and 
vinylcyclohexane— alkyl-Bubstltuted .polyethylene block copoly- 
mers In Vihich bloelc sequences of poly(yinylcyolohexaneo) are 
covalently bound to blook sequeneea of an alkyl-subatltuted 
polyethylene. 

Homopolymera of vlnylcycloherane have been known In 
the art for many years « but have not demonstrated commercial 
value due to their relp.tlvely brittle nature. These polymers 
have been characterized as clear, rleld. plaatiea hatfing high 
heat distortion temperatures but relatively poor inpact 
strengths. Those efforts made to blend rubbery materials with 
the homopoiymers of vihylcyclohexane to Improve their Impact 
strength J did not meet with any measure of success and the 
reaultins blends were ploudy, opaque materials with relatively 
poor Impact resistance. Perhaps the primary reason that the 
homopoiymers of vlnylc^clohexane were difficult to blend was 
due to their Incompatibility with conventional rubber-like 
materials. 

Block polymers of vinylcyclohexans — all^l — substituted 
polyethylene have also been prepared. For example, see our 
copending application. Serial No. 968,533 on "BLOCK P0LVME31S". 

It has now bSen discovered that while vinylcyclohexane 
polymers are Inoompatible with conventional rubber-like 
materials, such as polybutadlene and poly (butadiene -8 tyrene) and 
the like, these polymers are compatible v»lth the vinyl 
C3rclohexane--alkyl-Bubstituted polyethylene block copolymers 
described in copending application 968,533 ^ to the extent 
that tough, strong, transparent, high heat distortion thermo- 
plastic blends may be prepared. 
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»Ehe present Invention ie dlreotefl to *b lends of from 
about 10 to about 90 p.art3 by weight polyrlnylcyclohexane and 
oorrei?pondlnsly fron about 90 to about 10 parts by weight vinyl- 
oyalohexane--alkyl-aubstltuted polyethylene block polymera. lAie 
blending of these polymers re stats in polymorle blends having 
Improved Impact otrengtha over those of the polyvinylcyclohexane 
hoiTiopolymfire ♦ 

Thjs raourrlng polyvlnyleyelehdxane portion or the 
blenda of this Invention may be represented by the f orrtiula i 
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FORMULA I- 

wherein R-^ is a. cyclohexyl' pr substituted cyclohexyl group and 
Rg is hydroger^ or an allQrl group and q is at least 2?. 

The vlnyloyclohexaiie-.^alkyl-eubatltuted polyethylene 
bloQk copolymers which are blended with the polyvinylcyclohexane 
polymers contain vlnyloyolohexane structural iinlts In linear 
polymeric block sequences' of the formula: 



- ^2 
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PORMUIA II 

wherein R^ la a cyclohexyl . or substituted cyclohexyl group, and 

is hydrogen or an allcyl group and x is a whole number between 
1 and 25*000 oovalently llnlced to linear polymeric block segments 
of an allcyl-Bvbatltuted polyethylene of the formula; 

ft 
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Wherein may be hydrogen or a methyl group and la a hydro- 
gen, methyl, ethyl or iaopropyl group j and y and z are whole 
nurtbers between 1 and 25#000 In the ratio y/z between £5/1 and 
1/100 such that y + z -^5,000, in the block copolymera utilized 
In the blends of thla Inventlohj at least one oV x and (y + z) are 
equal to or greater than 25. 

In a preferred embodiment ot thla Ijiventlon^ In Fortatilae 
I and II above. R. and are ovclohescvl jcrouna. and and Ri. are 
hydrogen, and Formula IH above j R5 ie hydrogen and Rg la a 
pendant ethyl group or a pendant methyl group, 

©le polyvlnylcyclohexane polymers utilized m pre- 
paring the blends of the present Invention are conveniently pre- 
pared by the hydrogerjatlon of vinyl- substituted aromatic hydro- 
carbon pclymers ouch as polymeric styrene, a-mathylstyrene, SjO- 
dlmethylatyrene, vinyl toluene, ajm-dlmethylatyrene, a,£-dlmethyl- 
atyrene, o-ohlorostyrene, m-chloroatyrene, £-chloroatyrene, vinyl 
am sole, vinyl naphthalene, vinyl blphenyl, vinyl xylene, o, m, 
or £-f lurorstyrenej vinyl pyridine, and copolymera and mixtures 
thereof. The aforementioned polsmier or copolymer may be con- 
veniently prepared by conventional methods well known to those 
skilled in the art. 

The block copolymera blended with the polyvlnylcyclo- 
hexane polymers to provide the blends of the present invention 
are conveniently prepared by the hydrogenatlon of vinyl- substi- 
tuted aromatic hydrocarbon- conjugated diene block copolymers. 
The preferred unsaturated block copolyTner substrates utllleed In 
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preparing the block copalymera uaed In this Invention Include 
linear, aolioble, gel- free, bloo^c copolymera of vinyl aromatic 
hydrocarbon nvonomera such as styrene, a-mothylstyrene, a,o- 
dlmethylstyrene, vinyl toluensj a,m-dlfli©thylatyrene, aj£-dlnethyl- 
styrene, vinyl anlsolej vinyl naphthalene, vinyl blphenyl, vinyl 
xylene « o-chlorostyrone, m-chlorofltyrene, £-chlorostyrene, o, m, or 
£-fluoroatyrene, and vinyl pyridine polynerleed with a eon^usated 
dlene auoh as butadiene, isoprene, dimethyl butadiene, 1,3* 
pe?itadlene or the like, Uhsaturated bloolc copolymer eubatrates 
or nlactures of the aforementioned ntonomez^ may also be utilized. 
The unsaturated block copolymer substrates utilized to 
prTipar-e the "plock polymers used in this Invention may he pre- 
pared by a variety or methods such as by usins al}call metalB or 
orsanollthium compoi^nds ae polymerization initiators to cauae 
formation of block sequences in a hydrocarbon solution. It vdLll 
be noted that a variety of different block stzoietures may be 
obtained by varying the monomer addition sequences, rate of 
addition, temperature and solvent, por example, mixed block 
copolymers may be prepared. I.e., Sb\ pure block copolymere. 
I.e., SB, ternary pure block copolymers. I.e., SBS or B$B, from 
atyrene and butadiene monomers- A great variety. of unsaturated 
block polymers uaed to prepare the block polymers suitable for 
use In the blends of this Invention are set forth in our copending 
application Serial No. 968.5 33 - . 

The hydrogenatlon of the monovinyl aromatic hydrocarbon 
polymers as well as the unsaturated block copolymers to prepare 
the blends of this Invention may be carried out "by a variety of 
methods . iSie hydrogenatlon may be accomplished, for cscamplc, by 
plaolns the vinyl aromatic hydrocarbon polymer and/or block 
copolymer substrate in a hydrocarbon solution in the presence of 
a suitable catalyst and applylns hydrogen gas under prefisure to 
thlG solution. 
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The polymer qoncantratlon may vary between about 
0.5 per cent to atout 30" per cent by weight of the hydrocarbon 
aolutlon and preferably falls within a range of about 2 per cent 
to about SO per cent. 

Catalysts such as finely divided, supported and un- 
supported nickel, for example, nlelcel-on-»lclGselguh7« harve- bwen 
found to be very effective. The quantity of catalyst oay be 
varied within a range of from about 0.1 to about 400 per cent 
by weight of the polyTner used. .In. commercial appUcatlonSj it 
10 is deslreable to keep dowi the residence time of the hydrogenatlon 
and may be aohleved by high catalyst to polymer ratios. Vlhen 
the catalyst la used m high concent^atieAS with respect to the 
poljrmer, it muat, of course^ be separable from the fxilly hydro- 
genated product for re-use as a catalyst. 

Utader certain reaotlon conditions^ for example j above 
225° C.^ It may "be desirable to reduce the time In whloh the 
catalyst and polymer are In contact, vrhlch will also require a 
high cata^^Bt/polymer ratio. 

The hydrogen pressure utilised in hydroge Dating these 
EO polymers Is generally in the range of from about 100 pel to 

about 5,000 psi arid preferably vrLthln a range of between about 
250 and 3^000 pal. . 

The temperatiM of the hydrogenatlon reaction may 
range from about 100° C, up to the degradation temperature of 
the Bj>eclflc polymer being hydrogonated^. . Oie temperature range 
Is preferably between about 100° C. and about 350° C. 

*J!he reaction time under vrhlch 'these polymers are 
hydrogenated depends t^on the conditions of the reaction and 
may vary between a few minutes and about 20 hours. 
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The rollovvlns examples illustrate the blending or 
polyvinylcyclohexane polymers and copolsnnera with viziylcyclo- 
hcacane—aUqrl- substituted polyethylene block copolymers. Aa 
indicated in the examples, the copolymer is compatible with the 
polyvinylcyclohexane polymers within a range or from about 10 
per cent by vjelght block copolymer blended with about 90 per 
cent by weight polyvlnylcyelohexane and correapondlnaly from 
about 90 per cent by weight block polymer blended with about 10 
pep cent by weight polyvinyleyclohexane. Also, it will be noted 

30 from Table I that the block copolymer must contain In excesa of 
10 per cent by weight of vlnyloyolohexane structural units to 
he cQfflpatibie with the polyvlnylcyelohexane. 

In the examples, the block copolymers were eflther 
first prepared and mechanically blended or blended \rftile in 
solution with the polyvlnylcyelohexane. Alternsitlvely, the 
blending may be carried o^t before or during the hsrdrosenatlon, 
The mixed block copolymers of atyrene-butadlene at^ referred to 
afl Sb'^, In the tables below. Examples 1 through k indicate that 
blendn containing 75 per cent by weight polyvlnylcyelohexane and 

?X) S5 per cent by weight mixed block polymer therein, are compatible 
and transparent when there is in excess of 10 per cent polyvinyl- 
cyolohiexane in the block copolymer portion of the blend, 

T?ABLB I 

Blends of 75 per cent by vfeight polyvlnylcyelohexane and per 
cent by weight mixed block polymers 



Example Vt.jS P7CH In Reeult of Blend with 

No. Polymer Copolymer' Polyvlnylcyelohexane 

1 SB^^ 10 Incompatible, opaque 

a Sb'^ 15 Compatible, Transparent 

30 3 sb" 20 Compatible, Transparent 

4 SB^^ 70 compatible. Transparent 
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Exaznplea 5 through IX provide the physical properties 

or polyvlnyicyclohejcane-TolocW copolymflr blenda irtiereln the tlock 

I 

copolymer contains 25 per cent by weight vinyl oyclohexane etrue- 
ttiral unlta. 

TABLE n 



Part a by vrelght of 
Components of Blend 



Physical Properties 
or Blend 



Ex, 

No. 



lit 

SB Copolymers 
Containing 
by weight poly- 
vinnrlcyeio- 
hexane 



55 by 
weight 
polyvinyl- 
oyclohexane 



Trnp&ct 

Strensth 

notched 

X20d 
rt» lbs* 



HPT,°C. 



Plexural 
Modulus 
psi 



5 


10 


90* 




117 


360,000 


6 


15 


65 








r 


• S5 


75 


0.3 




210,000 


8 


30 


70 


0.9 


127 


120^000 


9 


35 


65 


1.6 


ISO 


90,000 


10 


UO 


60 


3.7 


108 


.TliOOO 


11 


50 


50 


10.0 


96 


i^0,000 



* Opaque J brittle molding* All the rest were transparent, 
(These were all prepared v^.a solution blending - 

Examples 12 throu^jh l4 provide the physical properulee 

of blends of polyvlnylcycXohexane with various block copolymers; 

these blends contain from about 10 parts by welcht polyvlnyl- 

cyelohoxane blended with about 90 part^ by weight block copolymer 

and coi-respondlngly from about 10 parts by weight blocK copolymer 

blended with about 90 parts by weight polyvinylcyclohejcane. 

TABIE m 



Pts. by wt. 
Block 
£3C. Cop olymer 
No. 



12 
13 
14 



90 
10 
90 



Pts. by wt. 

m Bloojc 
Copolymer 



95 
56 
56 



Pts. by wt, 
F7CH 
In Blend 



10 
90 
10 




It 20, 000 



90,000 



133 
136 
125 



Impact 
Icg.- 



3.0 

2. if 

Sample 
would not 
break In 
test. 
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Uhe examples of the Invention have deaorlbed certain 
specific compositions of polyvlnylcyclaheacane prepared from the 
hjrtSrogeTiation of polystyrene, blended with vtnjflfl/elohexane— 
polyethylene bloclc copolymers prepared from the hydrogenatlon 
of styrane-butadiene blooJc copolytnerSj however. It will be 
understood that other v^n^dcyclohexane polymers and copolymers 
as x«fell aa other blook (;Qpo^OTepa may be utilised as Indicated 
by the great variety of polymers that may be hydrcgenated to 
obtain the polyrae^s utilized In the blends of tliis invention, 

Hhe apeclfio emSodlmentB in the exan^les are not 
meant to limit, but merely to illustrate the invention. The 
scope of this invention is defined solely by the appended claims 
whltsh should be construed as broadly as is consistent with the 
prior art. 
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IfflAtr IS OIAIMED IS: 

1. A blend of polymeric material selected from the 
group consisting of polynpra and eopolymera containing recurring 
units of the forroula: 

wherein Rj^ la aeleated from the. group conalatlng of eyelohexyl 
and aubstltuted cycloheacyl grot^a and Rg la aelected from the- 
group conalstlne of hydrogen and alkyl ^oupa, .and njherein q 
is at least 25 and a vlnyacyclahexane^alicyl-aufefltltuted poly- 
ethyleiM? blcck c6pol5?m&r cpntalnlnfi vlnylcycldhexane ptructural 
units in linear sequences of the fonmilaj 



CHg-^ 



wherein Is selected from the group oonaletlns of oyclohexyl 
and substituted cyclohexyl gro^^pa and Is seleatad from the 
group oonaistlng of hydrogen and alfcyl groups, covalently 
llnlced to linear block aequeneca of an alkyl-subHtltuted poly- 
ethylene of the formula! 



CR^'^Z' 



wherein Rg la selected rrem the grot^ consisting of hydrogen and 
methyl and Rg la seleeted from the group oonaistlng of hydrogen, 
methyl, ethyl and Isopropyl groupa and wherein y, and e are 
whole numbers between l and 2^,000 and the ratio of y/z is 
between S5/1 and 1/100 such t^at y + z iKSS^OOO and at least 
one of X and (y + z) are eijual to at least 25. 
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S. A polymeric blend eomprtalng from about 10 parts 
by weight to about 90 parta by weight of a vlnyleyoloheacane 
polymer and correaponfilBgly f roia about 90 parts by weight to 
about 10 parts by weight of a vlnylcycloheacane— alkyl-flubfltltuted 
■ polyethylene block eopolywer. 

3, Olie blend of Claim 1 vuhoreln aald block copolymer 
contains in exceae of 10 parte by weight vlnorloyclohe^cana , 

4, Olhe blend of Claim I wherein ealfl block copolymer 
10 a mixed block copolymer, 

5, IJhB blend of Claim 1 wherein the blook copolymer 
la a pure block copolymer. 

.6, me blend of Claim 1 wherein polyvinylcydohexane 
la prepared'iby the hydrogenatlon of polyatyrene and the block 
copolymer la prepared by the hydrogenatlon of a etyrene-butadlene 
blook polymer. 



